To evaluate the Turkey's nationwide HPV DNA screening program on the basis of first 1 million screened women. Women over age 30 were invited for population based screening via HPV DNA and conventional cytology. Samples were collected by family physicians and the evaluations and reports had been performed in the National Central HPV laboratories. The acceptance rate for HPV based cervical cancer screening after first invitation was nearly 36.5%. Since HPV DNA tests have been implemented, cervical cancer screening rates have shown 4-5-fold increase in primary level. Through the evaluation of all, HPV positivity was seen in 3.5%. The commonest HPV genotypes were 16, followed by 51, 31, 52 and 18. Among the 37.515 HPV positive cases, cytological abnormality rate was 19.1%. Among HPV positive cases, 16.962 cases had HPV 16 or 18 or other oncogenic HPV types with abnormal cytology (>ASC-US). These patients were referred to colposcopy. The colposcopy referral rate was 1.6%. Among these, final clinico-pathological data of 3.499 patients were normal in 1.985 patients, CIN1 in 708, CIN2 in 285, CIN3 in 436 and cancer in 85 patients and only pap-smear program could miss 45.9% of CIN3 cases. The results of 1 million women including the evaluation of 13 HPV genotypes with respect to prevalence, geographic distribution and abnormal cytology results shows that HPV DNA can be used in primary level settings to have a high coverage rated screening program and is very effective compared to conventional pap-smear.
Cervical cancer is unique among common cancers in that it can be almost totally eradicated. High risk Human Papilloma Virus (HPV) is the primary causative agent of virtually all cases, and since 2006, there are very effective HPV prophylactic vaccines. 1, 2 In addition, it has been reconfirmed recently that all true cervical intraepithelial neoplasia grade 3 lesions (CIN3) can be linked to HPV while 95-98% of CIN3 will test HR-HPV positive with a validated HPV test. 3, 4 Because the development of cancer takes at least 5-10 years following HPV infection, HPV based screening offers an opportunity to prevent cervical cancer in those with persistent infections with or without precancerous morphological changes. 5, 6 Further, HPV based screening has been significantly superior in detecting CIN3 lesions in randomized controlled trials and in a huge Californian pilot project and also in reducing mortality from cervical cancer in an Indian trial. [7] [8] [9] Despite progress, cervical cancer remains an important worldwide public health problem with 530,000 new cases and 265,000 deaths each year. 10 Much of this failure relates to the challenging logistic requirements for cytology based screening programs, including the need for substantial infrastructure and skilled professionals. Turkey implemented a population based cervical screening program using the Pap smear in 2004. However, organized population screening achieved annual coverage rates of only 1-2%, much too low to be effective, although there was also a substantial amount of opportunistic screening. [10] [11] [12] [13] [14] [15] The main logistical reasons for this situation were lack of coordinating infrastructure, quality assurance and insufficient laboratory cytopathology capability. [11] [12] [13] [14] [15] [16] [17] Some of these limitations can be minimized by moving to HPV testing as standalone primary screening, since the test can be automated and interpretation is objective, thus not requiring subjective and tedious reading of thousands of cytology slides by cytopathologists with some percent of additional pathology verification.
In 2014, Turkey redesigned the screening program including a revamped local call and recall strategy and a centralized and fully automatized monitoring of individual screening status, with HPV tests as the primary screening tool, well defined national algorithms-including extended screening intervals and referral protocols, a single nationwide centralized diagnostics laboratory, and a sustainable agreement with the diagnostics industry. The system allows for fully traceable, real time monitoring of visits and specimens by the centralized screening program. 21 This article reports initial result for the first 1 million women screened.
Material and Methods
Women aged between 30 and 65 years (16 million) are invited for HPV based screening by primary level health staff (family physicians and so called KETEM screening centers) every five years. All screening processes are free of charge for the eligible individuals. Turkey's primary health system contains 24.000 family physicians. Family physicians were trained by Ministry of Health for pap-smear sampling and intra-uterine device insertion before the beginning of the project. This included 5 days' theoretical training together with hands-on practice. In addition to this, family physicians have ongoing web based training modules and on-site trainings for all the health services they provide (including cancer screening). They have to attend to these trainings legally to be licensed by Ministry.
Population records are kept nationally by a standardized software system. This software brings the eligible target population for invitation and screening automatically to each family physician. A survey of the individuals' contact details database indicated that 83.7% of the individuals' telephone numbers and 88.7% of individuals' addresses are recorded correctly. 22 Family physicians invite women via either e-mail/ telephone/face-to-face interviews/brochures or letter invitation according to local practice. In case of no response, a new invitation is resent annually and if no response after five years' women are recorded as "rejected screening." The invitation process data were not recorded by centrally but are available in family physician records. HPV DNA specimen collection kits (Qiagen HC2) are sent from one of two central laboratories in Ankara or Istanbul to the local health authorities of each province (81 in total) who distribute them to the family physicians. Two samples are taken from each woman to enable cytology testing in those found to be HPV positive without the need for a separate visit. The first sample is collected with a brush and transferred to a glass slide for conventional cytology. The second is taken with a different brush and put into 5 ml of Standard Transport Medium for HPV DNA analysis. For women who are HPV positive by Hybrid Capture2 (Qiagen), genotyping is performed with the CLART kit (Genomica). Infra-structure and workflow of the National HPV Laboratory can be viewed at www.youtube.com/watch? v5IBmAflRjI10. All specimen assays were performed in two laboratories serving the entire country. Fully automated operational procedures are in place to trace specimens and deliver results on line. The laboratory capacity is an estimated 9.400 samples per day with a permanent staff of 16 people.
The Cancer Control Department of Turkish Ministry of Health is responsible for the quality assurance and monitorization of the program. There is a well-defined standard operating procedure including some essential check-points. These check points are both for HPV DNA analysis and for the evaluation of pap smears. They are a. Sampling adequacy: Inadequate sampling taken by the family physicians is monitored by 4 pathologists in a central laboratory. Conventional cytology samples are evaluated in double blind manner at least by 2 pathologists in at least 20% of samples. b. Sampling Reports: Pap-smears of 10% of HPV positive and NILM cases are evaluated by the same 4 pathologists. The four pathologists working in the laboratories are also evaluating each other's report. For this evaluation, about 10% of slides, which were reported as normal (NILM) by one pathologist are reviewed by the other one to improve interobserver consistency and to provide quality control targeting >90% consistency in NILM reports. c. HPV DNA analysis: Two control systems are used internal and external. For internal control, one negative and one positive samplings are used for each 88 patients' plate. For external quality control; re-evaluation is done in cooperation with UK National External Quality Assessment Service (UK NEQAS) at least two times a year, using 10 external samples for validation.
HPV positive women with abnormal cytology or who are HPV 16 or 18 positive are referred for colposcopy, which is performed free of charge in a post-screening diagnostic center, at least one of which is provided in each province of What's new? In Turkey, a cervical cancer screening program using Pap smear reached only a tiny proportion of the nation's women. To sidestep the logistical challenges that hindered that approach, these authors investigated a population wide HPV testing program. HPV testing is much less expensive and easier to automate than cytological testing. The screening rates have increased 5-fold over the cytology-based screening program, and the HPV based program made better use of the limited personnel available to interpret cytological test results. Other developing countries looking to implement cervical cancer screening programs could look to Turkey's system as a successful model.
Turkey. Since 2010, Ministry of Health together with Turkish
Society of Colposcopy and Cervical Pathologies is organizing basic and advanced colposcopy courses 2-3 times in a year for the gynecologists who are responsible for colposcopy referral centers.
All the screening data are registered in a web-based central national health information system since the beginning of the project to avoid data loss. However, postscreening data (colposcopy and final pathology results) were collected regionally (from the secondary and tertiary health care centers) by the cancer registry staff since the registries were not linked to screening until 2016. Therefore, data on histologic findings is currently incomplete and only available data (35%) is reported here. When compared with each other; these two groups (patients with final follow up data vs. patients with lost to follow up) were almost similar with respect to age. However, a great majority of lost to follow-up patients was from Istanbul and Aegean Regions (p < 0.005) where the use of private clinic is common. The Ministry of Health, Cancer Control Department has 81 cancer registries in all 81 provinces of the country, achieving 100% coverage by year 2013 for cancer but linkage with screen detected CIN has only just begun. All registries are linked to screening units recently within 2016 and since then ministry of health started to collect data for CIN 1, 2 and 3. The ministry of health is planning to collect the remaining pathology data (65%) including that for histology performed in private clinics by 2018 and biopsy/treatments results will be reported when full data is available (Fig. 1) .
Results
Based on surveys of General Practitioners there was 36.5% acceptance rate for HPV based cervical cancer screening after first invitations. 22 This rate was 63.5% for ages 30-45 years, 
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32.7% for ages 45-60 years and 13.5% for ages 60 years and older. Attendance rate among those who accepted the first invitation was 82.8%. The most common invitation method was by telephone including SMS (60% of the invitations), followed by face-to-face invitations (30% of invitations). These had a higher acceptance rate (about 80-90% for telephone).
For the remaining 10% of women, especially in highly populated provinces which has a higher incidence of young and working population, letters, leaflets, brochures or social media were used for invitations, but the acceptance rates were lowest for these methods, being about 30-40%. 22 For the cytology based program on average 25,000 women were screened per month since 2004. After implementation of HPV based testing, these numbers have increased three times in the first 14 months (averaging 63,893 per month) and four to five folds in the next years of the project (Fig. 2) . Overall 95.1% of the samples were HPV negative, 1.4% were inadequate, and the remaining 3.5% (n 5 37,515) were HPV DNA positive (Table 1) . Among those with inadequate sampling, 0.94% did not provide a valid HC2 result and the remainder were due to leakage during the transport process. HPV positivity rate by age groups was 4.3% (30-34), 4.0% (35-39), 3.6% (40-44), 3.2% (45-59) and 2.8% (60-65), respectively. The highest positivity rates were seen in Istanbul and Mediterranean regions. The commonest HPV genotypes were 16, followed by 51, 31, 52 and 18 (Table 1, Fig. 3) .
Among the 37,515 HPV positive women, cytology results were normal or infection only (including koilocytosis) in 66.7%; inadequate in 14.1% and abnormal in 19.1% (N 5 7179). Of these the cytology findings were ASC-US in 2290 (6.1%), LSIL in 4354 (11.6%), ASC-H in 75 (0.2%), HSIL in 310 (0.8%), AGC in 150 (0.4%) and others (including carcinoma) in 55 (0.1%) women.
Among HPV positive cases, 16,962 cases had HPV 16 or 18 or other oncogenic HPV types with abnormal cytology (ASC-US; Fig. 2 ). According to the national guidelines, these patients were referred to colposcopy centers for further evaluation by colposcopy [colposcopy referral rate of 1.6%, Of these cancers, 31 were microinvasive cancers while 54 was invasive cancer (8 adenocarcinoma, 45 squamous cancers and 1 adeno-squamous cancer). For patients directed for colposcopy, risk of having a CIN31 lesion was 14.9%; while normal results were seen in 57.0%. Among 521 CIN3 lesions, cytological results were NILM in 24 (4.6%), insufficient in 58 (11.1%), ASC-US in 74 (14.2%), LSIL in 116 (22.3%), HSIL in 41 (7.9%), ASC-H in 5 (1%), AGC in 14 (2.7%), adenocarcinoma in situ in 1 (0.2%) and infection without malignancy in 188 (36.2%). Therefore, excluding the insufficient samples, only pap-smear program could miss 45.9% of CIN3 cases. Similarly, evaluating the HPV genotypes among those 521 CIN3 cases revealed that a screening without a reflex cytology (based only on HPV 16 or 18 positivity for colposcopy referral) could miss 12.7% of CIN3 cases.
Discussion
HPV DNA testing is currently recommended for primary screening by many professional societies and official agencies such as European Union, IARC and WHO. 18, 23 Many countries now convert their system into HPV DNA screening such as Netherlands, Australia and Norway. This is the first report in the world using HPV DNA test for screening over millions of ladies in a middle income country. It has both scientific and organizational advantages, and in Turkey the screening rates have increased 5-6-fold compared with the previous cytology based program, largely due to better use of limited man-power by using automated central testing and avoiding short term re-sampling and frequent hospital revisits which occur with cytology. Turkey has a mostly Muslim population living in a range of environments including both the metropolis of Istanbul and sparsely populated provincial areas. The majority of these patients accepted HPV screening after either face-to-face or telephone invitations. Centralized testing facilitated cost control and provides a good model for similar countries. Only four pathologists were needed to read all cytology slides of HPV Positive women and the results were available on the internet within 10 days. The low HPV DNA positivity rate (3.5%) facilitated the use of HPV as the primary test and this is relevant for other countries with low HPV prevalence rates. HPV positivity was highest among ages 30-34 and decreasing with advancing ages. Positivity rate by age groups was 4.3% (30-34), 4.0% (35-39), 3.6% (40-44), 3.2% (45-59) and 2.8% (60-65), respectively.
The role of liquid based cytology (LBC) vs. conventional cytology has been thoroughly debated. In the beginning, we used using conventional cytology. According to legal requirements there have to be at least four companies whose kits meet the mentioned criteria prepared to tender. At the beginning, there were just two companies who had an LBC product (Hologic and BD). Therefore, our advisory board has decided to allow either conventional or LBC. A 5% cost was allowed for companies who offered LBC.
However, including LBC tubes to the system may have disadvantages such as; increasing the cost of instrumentation and increasing the possible cost of disposal. If we assume that 95% of the LBC samples will be disposed arised by having Negative HPV-DNA results; this may cause unnecessary consumption and cost simultaneously. Due to this, Ministry of Health plans to make a cost efficiency analysis before the next tender to give a final decision.
Another debate may be the role of extensive HPV genotyping, instead of just HPV 16 and 18 genotyping although HPV 16-18 genotyping already seems to be sufficient for triage of the patients to colposcopy together with reflex cytology results. The main reason for performing such extended genotyping results from not clinical necessity, it totally depends on the need of epidemiologic mapping, which comes out of Turkey's geographical and population-based features such as having heterogeneous distribution of the population and bridging eastern countries to the west. The detailed data per different ages and regions is planned to be used for shaping our future policies on HPV prevention, vaccination and screening either nationally or regionally.
Another interesting finding was the difference in most commonly seen HPV types. Even if the HPV DNA is lower in prevalence, genotype distributions showed characteristics of a bridge between Asia, Africa and Europe having number one HPV type of each continent in top five HPV genotypes of Turkey. 24 The most common cytological abnormality was LSIL as expected followed by ASC-US, HSIL and ASC-H. Among patients with cytological abnormalities, HPV 16 was the most commonly identified genotype, followed by HPV 51, 31, 52 and 18.
Unfortunately, 65% of the final pathology results of the screened females is lacking and the ministry of health is planning to collect these missing data including that for histology performed in private clinics by 2018. Furthermore, a great majority of the positive cases were evaluated without colposcopy, which is actually out of the scope of national algorithms. In addition to this, excisional procedures had been performed more than expected (91.2%) among the patients who were managed by colposcopy which may reflect poor quality in colposcopic evaluations. This liberal biopsy decision may be attributable to some reasons such as; inadequate experience of the gynecologists during the first year of the project, fear of possible malpractice and lower fertility effect concerns due to screening age interval (>30 women). When 65% lost to follow up rates in colposcopy, referralsmissing data and inadequate quality of performed colposcopies are taken into consideration we noticed that as Turkey we should now focus on follow-up organization of the screened ladies.
Apart from these facts, our evaluation shows that the existing data is sufficient to make an extrapolation and evaluate the efficacy of the HPV DNA screening for Turkey. Current algorithm seems to be fair in keeping the balance between unnecessary colposcopies (false positives) and detection of preinvasive lesions. Colposcopy referral was only 1.6%. Furthermore, evaluation of 521 CIN3 cases revealed a detection rate of 48.2% for Pap-Smear, 87.3% for HPV Plus Genotyping for 16 and 18. It is important to mention that; the given CIN3 case rate is minimal when lost to follow up cases and further CIN31 cases, which arise out of persistent high risk HPV are taken into account.
In conclusion, this program has demonstrated the feasibility of an HPV based screening program in a developing country with a large population in varied geographic conditions in a more effective way compared to conventional cytology. This may open new perspectives for similar countries with low screening rates due to organizational problems.
